Introduction
============

Dental caries remains the most important dental health problem in developing countries. In the Indian subcontinent, the prevalence of dental caries is reported to be about 50%--60%.[@b1-jep-2-105] Dental plaque, one of the etiological agents of caries and periodontal disease, can be removed or at least decreased by the simple systematic use of toothbrushes and dental cream. Yet there is need for lower cost and good acceptance in dental homecare measures in Asian countries. Dental plaque is a living, organized community of microorganisms comprising various species, which are embedded in an extracellular matrix. The plaque may grow bigger with cumulative addition of anaerobic microorganisms. Bacteria colonizing the teeth in the initial phase of dental caries and periodontal disease are now well established.[@b2-jep-2-105] Removal and minimization of plaque may halt the dental deterioration, and hence is essential for oral hygiene. This can be achieved by regular brushing of teeth, especially by individual motivation.[@b3-jep-2-105],[@b4-jep-2-105] A number of anti-plaque agents in dental creams have been formulated and evaluated for the management of dental plaque.[@b4-jep-2-105],[@b5-jep-2-105] Fluorides are abundantly used in dental creams and mouthwashes. They are described to inhibit carbohydrate utilization by oral microorganisms by blocking enzymes involved in the bacterial glycolytic pathway.[@b6-jep-2-105] Synthetic dentifrices commonly used contain chemical agents, which are known to produce harmful side effects with prolonged use. Hence, herbal dental products are becoming popular amongst general public. Ayurveda, the ancient Indian system of medicine, advises different methods for regular practice to maintain optimal dental health. A number of herbs have been recommended to help and maintain dental health.[@b7-jep-2-105] Recently, a herbal dental cream has been introduced in clinical practice, which consists of powders of *Ajamoda satva*, Vaikranta bhasma, and *Azadirachta indica*; and extracts of *Zanthoxylum alatum, Punica granatum, Acacia arabica, Vitex negundo, Embelia ribes*, and Triphala -- all recommended in Ayurveda for dental health. The purpose of the present study was to compare the efficacy and safety of this novel herbal dental cream with a fluoride dental cream in a double-blind, randomized fashion, in patients with established dental plaque.

Material and methods
====================

Subjects
--------

This prospective study included 102 patients who were attending the outpatient department of Oral Medicine and Radiology, K.L.E. College of Dental Sciences and Hospital, Bangalore, India, during February and March 2006. Sample size was determined by a power analysis based on mean and standard deviation values for periodontal indices presented in a previous study.[@b8-jep-2-105] Patients who agreed to participate signed an informed consent form before the study and they were detailed the contents of the entire study. Approval from the Institutional Ethics Committee at K.L.E. College of Dental Sciences and Hospital, Bangalore, was obtained before the study began.

Procedure
---------

Adult patients of both sexes attending the outpatient department of Oral Medicine and Radiology, K.L.E. College of Dental Sciences and Hospital, Bangalore, India, were evaluated for dental caries during February and March 2006. Patients with a minimum 20 permanent dentiture, having dental plaque, and general good health were included in the study. Pregnant women and patients with severe oral pathology or orthodontic appliances or history of allergy to any medication were excluded from the study. Also, patients with cardiovascular, renal, and liver diseases were excluded. The patients were randomized using Latin square[@b9-jep-2-105] to receive either herbal dental cream or fluoride dental cream in a double-blind design.

Patients in the herbal dental group received a dental cream tube containing 150 g of herbal ingredients (fluoride content 500 ppm as calcium fluoride from Vaikranta Bhasma with no triclosan), whereas patients in the fluoride dental cream group received an identical dental cream tube (150 g) containing sodium fluoride (1,450 ppm) and triclosan (0.30%). The included patients underwent a systematic clinical examination for caries and plaque in a dental setting. The tooth surface was visually examined, and a probe was used only to remove plaque or to confirm or reject visual diagnosis of doubtful lesions. Prior to each evaluation, patients were asked to refrain from brushing 12--14 hours before the evaluation time, so that the plaque removal could be measured at each appointment. Plaque index,[@b10-jep-2-105] oral hygiene status,[@b11-jep-2-105] bleeding index,[@b12-jep-2-105] and gingival index[@b13-jep-2-105] were recorded during each visit, for six weeks on a weekly basis. The scorers were unaware of the treatment group. They were trained to brush their teeth with respective dental creams and an identical soft brush twice a day, using modified Bass method.[@b14-jep-2-105] Plaque index was scored on four surfaces (buccal, lingual, mesical, and distal) of six representative teeth (16, 12, 24, 44, 32, 36). The mean index was calculated by dividing the sum of number from scale by the total number of sites scored within the mouth. Bleeding index was measured by guiding probe through the gingival sulcus in the first and third quadrants from the buccal aspect and in the second and fourth quadrant from the oral aspect. Gingival index was scored on the buccal marginal gingival of the Ramfijord teeth. They were told to refrain from all other oral hygiene measures except the directed ones. Plaque from these patients were subjected to microbiological assay for the growth of *Streptococcus mutans* and *Staphylococcus lugdunensis* on Week 0 and at the end of six weeks using sterile plastic toothpicks and placed in 5 mL of reduced transport fluid.[@b15-jep-2-105] Patient compliance was monitored using compliance calendars, which were provided to them at the beginning of the study. Adverse effects, if any, were recorded during each visit for a period of six weeks. All the procedures in this study were performed according to the ethical principles established by the Declaration of Helsinki.[@b16-jep-2-105]

Statistical analysis
====================

Results obtained were analyzed by analysis of variance (ANOVA), followed by Dunnett's post hoc test to determine difference in the parameters of plaque index, oral hygiene status, bleeding index, and gingival index. Fisher's exact test was used to study the reduction in microbial growth.

Results
=======

All 102 patients, 54 on herbal dental cream and 48 on fluoride dental cream, completed the study and tolerated the dental creams well. The mean age of the patients in the herbal dental cream group was 28.55 ± 10.2 years, and 29.65 ± 11.4 years in the fluoride dental cream group. There were no dropouts, and both the groups were comparable at baseline regarding dental parameters like plaque index, gingival index, bleeding index, oral hygiene score, and microbial growth. Plaque index and oral hygiene index showed a significant linear decrease from baseline from the third week onwards in both the groups, and it remained so till the end of the study. A similar trend was seen with gingival index, which decreased from a mean score of 1.28 to 0.55 in the herbal dental cream group, and from 1.01 to 0.64 in the fluoride dental cream group ([Tables 1](#t1-jep-2-105){ref-type="table"} and [2](#t2-jep-2-105){ref-type="table"}). Before use of herbal dental cream, there were 41 patients who showed presence of *Streptococcus mutans* in the dental plaque and this was decreased to 22 after treatment. The same trend was also observed in the fluoride dental cream. In the case of *Staphylococcus lugdunensis*, 80% patients were devoid of this organism in their dental plaque after treatment with herbal dental cream, whereas 70% patients treated with fluoride dental cream did not show the presence of this bacterium. There was a significant reduction in the microbial growth of *Streptococcus mutans* and *Staphylococcus lugdunensis* at the end of six weeks in both the herbal and fluoride dental cream groups ([Figures 1](#f1-jep-2-105){ref-type="fig"} and [2](#f2-jep-2-105){ref-type="fig"}). Thus, the improvement started from the second week and continued up to the end of the study. There was no significant change in bleeding index in both the groups. However, there was no significant difference between the parameters measured in the two groups. None of the patients showed any adverse effect with either of the dental creams.

Discussion
==========

Maintenance of good oral hygiene is the key to prevention of dental diseases. The primary etiological factor for dental diseases is dental plaque. The formation of plaque on the teeth is characterized by a progression from a limited number of bacteria to the complex flora of mature dental plaque. This progression involves initial adherence of bacteria to the salivary pellicle and subsequent accumulation by growth. The primary acid-tolerant anaerobic bacteria associated with the plaque are *Streptococcus mutans* and *Staphylococcus lugdunensis*. Ultimately, the tooth surface gets coated with a dense, complex microbial community. Of all the methods of plaque removal, brushing of teeth is the most accepted method of oral hygiene.[@b14-jep-2-105] Brushing of teeth requires a safe and effective cream to help in the removal of dental plaques. The antibacterial activity of the fluoride dental cream is because of the presence of fluoride and triclosan, but studies have shown that prolonged use of fluoride may lead to adverse effects like dental fluorosis, skeletal fluorosis, and destruction of the epithelial layer of intestine.[@b17-jep-2-105] Using natural medicines to cure various diseases has become an increasing trend. Herbal medicine has made significant contribution to modern medical practice.[@b18-jep-2-105] Even though studies in animals and *in vitro* have shown the antimicrobial properties of several of these herbs, there is no other way of knowing their real clinical effects without a randomized clinical trial. The herbal dental cream studied in the trial appears to be equally effective as the fluoride dental cream, but not superior to it. In addition, it was well tolerated. The polyherbal dental cream contains a number of active ingredients known for their dental pharmacological effects: *Azadirachta indica* has tetracyclic triterpenoids, which have shown efficacy in plaque management. The herb has also been studied for its anti-caries and antioxidant effects.[@b19-jep-2-105]--[@b21-jep-2-105] *Punica granatum* consists of agents like cyanidin and pelargonidin that have antimicrobial effects and have been studied for their use in periodontitis and halitosis.[@b22-jep-2-105] *Acacia arabica* has antimicrobial activity.[@b23-jep-2-105] Triphala and *Embelia ribes* have nitric oxide scavenging effects.[@b24-jep-2-105],[@b25-jep-2-105] The antimicrobial activity of the herbs is due to the presence of secondary metabolites such as alkaloids, flavonoids, polyphenols, and lectins.[@b26-jep-2-105]

In addition, fluoride content of Vaikranta bhasma, though low, will add to the antimicrobial activity. Synergistic interactions between the principal components of these herbs are considered to be a vital part of their efficacy. This synergistic activity, however, needs to be established.

Conclusion
==========

The present study indicates the efficacy and safety of herbal dental cream in the prevention and management of dental plaques, and is as safe and effective as fluoride dental cream, but not superior to it.
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###### 

Comparative effect of herbal dental cream and fluoride dental cream on plaque index and gingival index

  Product                          Parameter      Score                                                                                                                                                                                                                                                                                                                                           
  -------------------------------- -------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- -------------------------------------------------------
  Herbal dental cream (n = 54)     Plaque index   1.29 ± 0.41                                             1.21 ± 0.36                                             1.11 ± 0.34[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.95 ± 0.42[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.80 ± 0.35[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.72 ± 0.35[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.68 ± 0.29[\*](#tfn2-jep-2-105){ref-type="table-fn"}
  Gingival index                   1.28 ± 0.45    1.14 ± 0.38                                             0.97 ± 0.34[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.94 ± 0.72[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.71 ± 0.38[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.54 ± 0.30[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.55 ± 0.35[\*](#tfn2-jep-2-105){ref-type="table-fn"}   
  Fluoride dental cream (n = 48)   Plaque index   1.19 ± 0.28                                             1.08 ± 0.12[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.97 ± 0.22[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.92 ± 0.21[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.91 ± 0.21[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.92 ± 0.18[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.89 ± 0.20[\*](#tfn2-jep-2-105){ref-type="table-fn"}
  Gingival index                   1.01 ± 0.23    0.76 ± 0.25[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.72 ± 0.30[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.63 ± 0.24[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.63 ± 0.24[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.67 ± 0.24[\*](#tfn2-jep-2-105){ref-type="table-fn"}   0.64 ± 0.24[\*](#tfn2-jep-2-105){ref-type="table-fn"}   

**Notes:** Values represents mean ± SD. Statistical analysis by repeated measures of ANOVA, followed by Dennett's multiple comparison post hoc test.

*P* \< 0.05 as compared to respective Week 0 values.

###### 

Comparative effect of herbal dental cream and fluoride dental cream on oral health and bleeding indices

  Product                          Parameter           Score                                                                                                                                                                                                             
  -------------------------------- ------------------- ------------- ------------- ------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- -------------------------------------------------------
  Herbal dental cream (n = 54)     Oral health index   4.30 ± 0.50   4.15 ± 0.80   3.85 ± 0.20   3.72 ± 0.15[\*](#tfn4-jep-2-105){ref-type="table-fn"}   3.50 ± 0.20[\*](#tfn4-jep-2-105){ref-type="table-fn"}   3.20 ± 0.30[\*](#tfn4-jep-2-105){ref-type="table-fn"}   3.15 ± 0.30[\*](#tfn4-jep-2-105){ref-type="table-fn"}
  Bleeding index                   2.60 ± 0.40         2.50 ± 0.50   2.45 ± 0.40   2.30 ± 0.76   2.28 ± 0.90                                             2.14 ± 0.60                                             2.12 ± 0.80                                             
  Fluoride dental cream (n = 48)   Oral health index   4.25 ± 0.30   4.12 ± 0.20   3.76 ± 0.14   3.68 ± 0.25[\*](#tfn4-jep-2-105){ref-type="table-fn"}   3.52 ± 0.16[\*](#tfn4-jep-2-105){ref-type="table-fn"}   3.12 ± 0.20[\*](#tfn4-jep-2-105){ref-type="table-fn"}   3.11 ± 0.40[\*](#tfn4-jep-2-105){ref-type="table-fn"}
  Bleeding index                   2.56 ± 0.40         2.52 ± 0.30   2.50 ± 0.20   2.28 ± 0.50   2.26 ± 0.40                                             2.22 ± 0.50                                             2.16 ± 0.80                                             

**Notes:** Values represents mean ± SD. Statistical analysis by repeated measures of ANOVA, followed by Dunnett's multiple comparison post hoc test.

*P* \< 0.05 as compared to respective initial (Week 0) values.
